Introduction
Glacier surges have been reported from many areas of the world including the Canadian and Russian High Arctic, Svalbard, Iceland, Greenland, Alaska and parts of the Himalaya (Sevestre and Benn, 2015) . These surge-type glaciers go through an active phase and a quiescent phase. While the active phase is characterised by recurring non-steady flow that can last for a few months to years, the quiescent phase lasts longer, typically tens to few hundreds of years (Meier and Post, 1969) .
Karakoram glacier surges are poorly understood (Hewitt, 2005) . The glacier velocities of surge-type glaciers in Karakoram during active phase increase by up to 200% than during the quiescent phase (Hewitt, 1969) . Peak velocities of around 2 km yr -1 during summer months have been observed (Quincey et al., 2015) . Majority of the surge type glacier have been reported to vary between 12 and 25 km in length (Hewitt, 1969) and are often fed by tributary glaciers (Hewitt, 2007) . There is a positive correlation between surge-type glaciers and glacier length, area, perimeter, average width, debris cover and orientation (Barrand and Murray, 2006) . Insignificant changes in debris cover, indicative of stable mass budget of glaciers in Hunza river basin, has been recently reported (Herreid et al. 2015; Bolch et al. 2017) . The season of Karakoram glacier surge initiation varies. Some surges develop extremely quickly (Kick, 1958; Gardner and Hewitt, 1990 ) while others develop gradually over several years (Quincey et al., 2011) . These surges can result in huge advance of the glacier snout (km-scale), over a short time span (weeks to months). It has been suggested that Karakoram glacier surges may be triggered by change in thermal conditions (Hewitt, 2007) that coincide with warming driven by long-duration precipitation patterns (Quincey et al., 2011) , although other studies advocated changes in hydrological conditions as a possible trigger mechanism for glacier
surges in the region (Copland et al., 2011; Mayer et al., 2011) . However, it is pertinent to mention that the glacial hydrological regimes are controlled by the thermal regimes.
Drawing on data from eight glaciers, Quincey et al. (2015) suggested that no single classical mechanism is able to comprehensively describe the flow-instability of surge-type glaciers in Karakoram. Their analysis did not find any evidence of seasonal control on the initiation of glacier surges in the region. They suggested that these surge events are triggered by a blend of hydrological and thermal processes.
Here we present new data concerning glacier velocity and changes in the surface character of a surge-type glacier in Pakistan, the Hispar Glacier. Hispar is a ~50 km long surge-type glacier (Copland et al 2011; Hewitt 2005) 
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Data:
Landsat 8 OLI panchromatic band images with a spatial resolution of 15m, acquired between 2013 and 2017, were used for velocity estimation and glacial geomorphological mapping. Autumn images were chosen as they have the least snow and cloud cover in this region. The details of the datasets are given in Table 1 .
Velocity:
Glacier surface velocity was estimated using a feature-tracking method based on automatic matching of satellite image pairs. A number of feature-tracking techniques have been applied in glaciological studies, including normalized crosscorrelation (NCC), Fourier cross-correlation, least squares matching, phase correlation and orientation correlation (Kääb, 2005; Heid and Kääb, 2012) . The present study used the correlation image analysis (CIAS) algorithm (Kääb and Vollmer, 1999) for glacier velocity estimation. This cross-correlation algorithm computes the displacement of prominent glacier surface features on two satellite images acquired at different points in time (Kääb and Vollmer, 2000) as: Owing to its operational simplicity and robustness, CIAS is reliable for glacier velocity estimation (Heid and Kääb, 2012) . The differences in central pixel coordinates of the reference and test block directly give the horizontal displacement between the images under consideration.
The accuracy of NCC method employed in CIAS is +1 pixel, which is 15m in our case (Kääb and Vollmer, 2000) . For the calculation of velocity of the Hispar glacier the reference block size of 15 pixels and a search area size of 50 pixels at a grid of 100 m was used (Paul et al. 2017 ).
Glacial geomorphology:
Debris cover mapping on the glacier surface was carried out using on-screen digitization (OSD) at 1:25000 scale using the satellite images from 2013-2017. OSD with cognitive inputs from the analyst was employed due to its advantage over digital classification algorithms in delineation of different landscape features in a
topographically rugged terrain where clouds and shadows pose problems in interpreting image elements (Rashid et al. 2010; Rashid and Abdullah, 2016) . We also delineated lateral and medial moraines of the Hispar Glacier so that the effects of the surge could be better understood.
Supraglacial water bodies:
Supraglacial water bodies were also delineated using OSD at 1:25000 scale on the satellite images from 2013-2017. Owing to the medium resolution of data, we could only delineate those water bodies as polygons which had an area of more than 0.5 hectare (Ha). The supraglacial water bodies with a surface area greater than 0.5 hectare (Ha) were classified as lakes while water bodies with an area less than 0.5
Ha were digitized as point features and classified as ponds. A change detection analysis was then carried out to assess the change in both area and number of ponds for the 5-year period of observation (September 2013 to September 2017).
3.
Results:
Velocity Changes:
The trunk 
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10 is in this region most of the supraglacial ponds are formed as the surge front has never reached as far as this region in recent years (Gardelle et al., 2013; Paul et al., 2017) . The surge of Hispar glacier did not propagate beyond T1 that could be explained by escape of water through the glacier bed as suggested by Smith et al. (2002) , resulting in the drop of the basal water pressure and consequent halt in glacier surge.
Changes in glacial surface features
We analysed the optical satellite data from 2013 to 2017 for glacier surface 
Changes in supraglacial water bodies
The supraglacial water bodies on the glacier were mapped as ponds and lakes; 183 supraglacial water bodies were identified on the glacier surface on the 
Conclusions
We 
